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Abstract
Jellyfish envenomations have increased drastically in recent years and have been
known to cause a wide variety of reactions to the victim. These reactions can be as mild
as minor skin irritation to the extreme of death. Many research groups have studied the
wide variety of toxins contained within these organisms trying to understand the
underlying mechanism that causes these dramatic changes noted to both the physiology
and viability of cells. With no clear method for cnidocyst (nematocyst) extraction or
lysis, these toxins cannot be recovered entirely, which would hinder research on potential
mechanisms of action of the proteins found within jellyfish venom. We have investigated
several different methods to isolate and purify cnidocysts as well as lysis of this
organelle. Cnidocyst lysis has proven to be very difficult due to the rigid exterior
capsule. Cnidocyst were isolated from sea nettles (iChrysaora quinquecirrha) collected
from Bamegat Bay, NJ in the summer of 2012 or earlier. Freshly collected samples of C.
quinquecirrha were autolysed in either artificial sea water or distilled water for 48 hrs at
4°C, homogenized then filtered through Miracloth and subjected to several rounds of
centrifugation at varying speeds to purify cnidocyst samples. Further purification was
achieved through a Percoll discontinuous gradient. Intact cnidocysts were placed in
different buffer solutions at varying pH and subjected to either brief ultrasonic disruption
or bead mill homogenization. Samples were then separated into soluble supernatant and
pellet fractions and subjected to protein determination, microscopic imaging of cnidocyst
lysis and SDS-PAGE analysis to determine both the number and size of proteins present
in the venom. Lysed cnidocysts extracts and pellets were subjected to various hemolytic
assays and we have detected hemolysin activity in the venom from C. quinquecirrha.

Controls have demonstrated that this activity is due to a protein with the majority of the
activity seen in the pellet fractions. It is hoped that with better isolation and extraction
protocols, purer venom samples will be extracted that could lead to further research and
potential development of pharmacologically active peptides. This may also provide
novel strategies for the treatment or prevention of jellyfish envenomations.
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I. Introduction

The Stinging sea nettle, Chrysaora quinquecirrha, is a type of jellyfish found off
the Atlantic coast of the US. It is classified in the phylum Cnidaria that includes animals
such as sea anemones, corals and hydra (Sher et al, 2005; Anderluh et al, 2000).

These

organisms are considered soft-bodied animals that have developed a highly complex
array of toxins that are used for prey capture or defensive purposes (Sher et al, 2005).
Within this phylum, C. quinquecirrha is classified further as being part of the
Class Schyphozoa. These animals show the qualities of “true jellyfish” (Barnes, 1987).
All scyphozoans display radial symmetry and the majority of these animals are motile
with a select few being completely sessile (Barnes, 1987).

All organisms in this phylum

also have cnidocysts (nematocysts), a specialized organelle that is used to sting and
capture prey (Barnes, 1987; Kozloff, 1991). They generally have a multi-staged life
cycle in which the organism begins in a sessile form and gradually transform into a
planktonic medusa form that is so well recognized by humans today (Barnes, 1987).
Chrysaora quinquecirrha are generally found in temperate waters mostly in areas
such as Barnegat Bay, NJ and the Chesapeake Bay.

They generally prefer estuaries that

contain brackish water (Cobbs et al, 1982). Within these waters, C. quinquecirrha
generally may begin to appear around May, although typically are seen in greater
numbers around mid July, and disappear in late September. Rarely they are seen as late
as November (Calder, 1972).

II. Sea Nettle Biology
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The life cycle of C. quinquecirrha involves two different body forms and involves
six different stages from the ephyra to adult medusa (Calder, 1972).

When the adult

male and female medusa mate, they produce planua larvae that will eventually settle on a
hard surface [Fig. 1],

After it has settled, a polyp develops and forms tentacles and in

this stage, the polyp is able to reproduce asexually giving the polyp the option to remain
solitary or become colonal (Calder, 1972).

Once satisfactory conditions in the

environment are met, the polyps begin to strobilate in which they start to bud off juvenile
jellyfish known as ephyra (Calder, 1972).

Figure 1. Scyphozoan Life Cycle (Image credit: Deretsky, National Science Foundation)

Once the juvenile jellyfish form into the ephyra stage, there are six different
stages involved in mainly morphological changes before the jellyfish has reached the
mature medusa stage [Fig. 2] (Calder, 1972).

The first stage is when the ephyra was

just released from the polyp and is usually only 2-3.5 mm in diameter (Calder, 1972).
From this stage, there will be changes involved to both the shape and size of the jellyfish
as well as the appearance of tentacles.
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Figure 2. Various stages of ephyra development into mature medusa for species Cyanea capillata. Many
of the distinguishing characteristics remain true for all scyphozoans (Higgins et al., 2008).

The second stage involves the development of primary tentacles as well as the
beginning development of the oral arm. The diameter of the ephyra also increases
making this stage the final stage of ephyra growth. The following stages are for medusa
development (Calder, 1972).

In stage HI (not pictured), there is increased growth

around the diameter of the medusa and the oral lappets begin to fold under giving the
medusa the distinct bell shape. Stage IV is noted by the appearance of secondary
tentacles, which begin to appear in between the primary tentacles while in stage V,
tertiary tentacles appear around the perimeter of the bell. Stage VI shows more growth
and appearance of tentacles around bell diameter. There will be at least 40 tentacles in
the adult medusa stage however tentacle numbers vary between different organisms
(Calder, 1972).
Once the jellyfish has reached the adult medusa stage, there are many
distinguishing characteristics that C. quinquecirrha, and indeed all Scyphozoans, have in
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common [Fig. 3]. In general, Scyphozoans have a swimming muscular bell that is
usually the largest part of the body (Costello et al., 2008).

The bell is composed of three

main layers known as the ectoderm (outer epidermis), the endoderm (the inner
gastrodermis) and a layer in between both that holds a gelatinous substance known as the
mesoglea (Barnes, 1987).

The bell also harbors all of the digestive, reproductive and

most of the neuronal tissues of the jellyfish (Costello et al., 2008; Cobbs et al, 1982).

Fig. 3. Illustration of Scyphozoan anatomy (Image Credit: Deretsky, National Science Foundation)

Scyphozoans have one opening, which serves as both mouth and anus for
digestion and waste disposal. Around the rim of the bell are very skinny swimming
tentacles that can reach a length of 50 cm or more (Costello et al., 2008). These
tentacles are attached to the bell by a series of flower petal shaped lappets around the
edge of the bell. Each of these lappets can hold up to 8 tentacles each of which are lined
with stinging cells.

In the middle of the bell, surrounding the mouth, are four long

ribbon-like tentacles known as oral arms. These tentacles are responsible for prey
capture and bringing food up into the oral cavity. These tentacles are also lined with the
13

specialized stinging cells known as cnidoblasts (Costello et al, 2008; Calder, 1972; Sher
et al, 2005). Although the other tentacles also contain cnidoblasts, the vast majority of
the toxins within the oral arms are much more potent (Sher et al., 2005).
An interesting fact of some scyphozoan species involves the possession of
eyespots located around the rim of the bell (Kozloff, 1990). They cannot see in the
general sense but have been known to show photosensitivity (Kozloff, 1990). This is
interesting due to the fact that jellyfish do not have a brain.
III. Cnidocyst Structure and Function
All cnidocysts are unique to the phylum Cnidaria (Ayed et al, 2012). The
cnidocyst itself is an organelle found in the cnidoblast cell of the Cnidarian species. The
formation of the cnidocyst begins by first an ovoid vesicle within the cnidoblast [Fig. 4].
This is the beginning of the formation of what will ultimately be the capsule of the
cnidocyst (Skaer, 1973; Kasse-Simon and Scappatici, 2002).
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Figure 4. Cnidocyst development from capsule formation, external tubule formation and migration
(Skaer, 1973).

Once the early formation of the capsule is established, a tubule begins to
form attached to the outside of the capsule. This tubule is within the cnidoblast itself but
outside of the vesicle. This tubule forms by an accumulation of droplets that come from
the Golgi-complex (Skaer, 1983; Anderluh eta l, 1999; Mariottini and Pane, 2010). As
these droplets continue to accumulate, they fuse at the tip of the thread [Fig. 4a]. The
accumulation of droplets will continue until the thread is several times longer than the
length of the vesicle (Skaer, 1972).
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When the thread has grown to a considerable length, it inverts itself passing
through itself from the tip and into the capsule (Skaer, 1972; Kasse-Simon and
Scappaticci, 2002).

As the thread begins entering the capsule, it will automatically

begin to coil itself around a straight axis within the capsule never touching the interior
wall [Fig. 4b], Since the coiled thread never touches the wall of the capsule, it is
thought that this coiling is an intrinsic property of the cnidocyst (Skaer, 1972). The
thread will continue to coil itself until the entire length of the thread has entered the
capsule [Fig. 4c-f]. When the shaft of the thread has entered the capsule, the operculum
or seal of the cnidocyst forms at the point of attachment closing in the thread. The shaft
of the thread does not coil but rather stays elongated forcing the coils to shift within the
capsule and causing the capsule itself to grow in size depending on the length of the
thread and the amount of coils [Fig. 4g] (Skaer, 1972).
Once the cnidocyst has entirely enclosed the thread within itself, the cnidoblast
begins to migrate to its final destination within the tentacles. At this point, the cnidocyst
has not fully matured. A mature cnidocyst is distinguished by a very thin capsule wall
and distinct shaft seen within. The coils of the thread will alternate between light and
dark bands due to the refractory light that is hitting the barbs on each of the coils (Skaer,
1972).
The capsule of the cnidocyst is made primarily of a minicollagen structure that is
extremely strong. This was first discovered by Kurz et al. (1991) in which capsules were
shown to have collagen-like peptides. These collagen-like fibers are unusually short and
have a central triple helical domain [Fig. 5] (David et al. 2008). These minicollagen
fibers have been isolated from many Cnidarian species (Kurz et al., 1991). They are
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known to makeup the vast majority of the inner wall of the cnidocyst capsule as well as
tubule structure (David et al., 2008). While the minicollagen gene mcol has been found
in anthozoans and hydrozoans, the scyphozoan gene has yet to be characterized (David et
al, 2008). The detailed structure is not known as of yet, but it is shown that disulfide
bonds play a role in wall stabilization (Engel et al, 2002; David et al, 2008).

Figure 5. (a) Schematic structure of cnidocyst. The inner wall and tubule (light pink) shows where the
minicollagen fibers are found, (b) Sonicated capsule showing small spikes indicating location of
minicollagen fibers (c) FESEM (field emission scanning electron microscopy) of outer wall of capsule (d)
Fibers seen under AFM (atomic force microscopy) of intact capsule (e) alignment of minicollagen fibers (f)
putative structures of minicollagen fibers (David et al, 2008)

Once stimulated, the tubule discharges and extends with so much force and speed
that it is able to penetrate its prey [Fig. 6] (David et al, 2008).

In order for the tubule

to discharge, the cnidocyst must be stimulated either mechanically or through a change in
osmotic pressure (Brush, 2006; Strutton and Lumley, 1988). Most of the cnidocysts are
not able to penetrate human skin leaving their reaction to a more localized injury. The
more deadly cnidocysts with the capability of penetrating human skin come from the
class Cubozoa (Strutton and Lumley, 1988).
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Figure 6. Basic structure and discharge of cnidocyst. The cnidoblast (blue along with other organelles)
contains one cnidocyst within it (pink structure made up of minicollagen) that contains the stylet (black)
and tubule. This sequence shows the rapid discharge of the stylet and tubule (Nuchter et al., 2006).

In the discharged form, all cnidocysts contain either an elongated or rounded body
along with an extended tubule. These structures are categorized depending on various
morphological features (David et al, 2008). The tubule itself is one of the major
characteristics that are looked at when classifying the cnidocysts. The degree of
thickness along the tubule is an important factor as well as the absence or presence of a
well-defined shaft. If a shaft is present, there must also be a distinction as to whether or
not dilation anywhere along the shaft is present. Finally, the absence or presence of
spines located along the tubule is also taken into consideration (David et al., 2008).
The two forms of cnidocysts found so far in C. quinquecirrha are known as
isorhizas and euryteles (Burnett and Calton, 1972). Both of these classes of cnidocysts
have an oval shaped capsule with the isorhizas being larger in size than euryteles and
having no well-defined shaft [Fig. 7] (David et al, 2008). These particular cnidocysts
found within C. quinquecirrha are further categorized as heterotrichous isorhizas
meaning they contain spines throughout the entire length of the thread (Anderluh et al,
2011 ).
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Figure 7. (A) Microscopic view of discharged isorhizas along with undischarged euryteles. Image taken
under 200x total magnification. (B) Diagram view of isorhiza both undischarged and discharged (David et
al, 2008).

The more abundantly found cnidocyst in Chrysaora quinquecirrha is the smaller,
oval-shaped eurytele [Fig. 8] (Anderluh et al, 2011; David et al, 2008). These
cnidocysts have a very distinct shaft covered with spines. That shaft can have either a
swelling at the distal end or single shaft dilation anywhere along the length of the shaft
(Gershwin, 2006; David et al, 2008).
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Figure 8. (A) Microscopic view of a discharged eurytele taken under 200x total magnification. (B).
Diagram view of undischarged and discharged eurytele (David et a l, 2008).

IV. Venom Isolation
Many research groups have used several different ways of trying to isolate
jellyfish venom. Many have tried using whole tentacle extracts or isolated cnidocysts
(Othman and Burnett, 1990; Crone and Keen, 1969; Endean et al, 1993; Bloom et al,
1998; Carrette and Seymour, 2004) as well as using fresh, frozen or lyophilized
cnidocysts. While some groups have used the whole tentacle approach, many have
criticized this method citing the fact that no other tentacle tissue penetrates the prey
except for the cnidocyst tubule injecting the venom (Bloom et al., 1998; Endean et al,
1993). In trying to extract venom from cnidocysts, the most popular way used has been
using a hand homogenizer followed by sonication (Othman and Burnett, 1990; Comis et
al, 1989; Crone and Keen, 1969). Many groups began by first homogenizing tentacles
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and then leaving them in seawater at 4°C for 48hrs (Endean et al, 1969). This method
was later modified to allowing the homogenized tentacle to autolyse for several days then
lypholization of cnidocysts (Bloom et al, 1998). This modified version has been used by
many research groups in recent years (Ramasamy et al, 2003, 2004; Winter et al, 2007;
Kim et al., 2006).
Other less common methods include using density centrifugation with a heavy
salt like Cesium Chloride (Burnett and Calton, 1973) or a Urografin1Mdensity gradient
(Endean and Rifkin, 1975). More recently, the colloidal silica Percoll has been used to
clean cnidocyst preparations (Brinkman, 2008). Besides the density centrifugation
methods, other less conventional methods include electric all glass micro-grinding
(Endean etal., 1969), bead-mill homogenization (Wiltshire et al, 2000) and electrical
stimulation of freshly excised tentacles which are forced to discharge through a human
amniotic membrane known as using “milked venom” (Barnes, 1967).

V. Jellyfish Venom
With a vast array of cnidocyst structure, it would be justly assumed that different
cnidocysts have different biological roles for the jellyfish. These can include prey
capture, toxin delivery as well as attachment (Marino et al., 2008). Any accidental
contact with another organism would induce cnidocysts to simultaneously discharge and
inject venom from the fluid within the capsule (Marino et al., 2008). Many of these
venoms have pronounced effects on muscle and nervous tissue (Yanagihara and Shohet,
2012). For some of these venoms, the cytolytic characteristics include toxins capable of
forming pores on cellular membranes that lead to apoptotic death (Anderluh et al, 2011).
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There is a great majority of cnidarians, such as those found in the Cubozoan class
that are so venomous they can be lethal to humans (Yanagihara and Shohet, 2012).
Chrysaora quinquecirrha, however, does not pose a lethal threat to human life perhaps
because they do not possess spines or tubules long enough to penetrate deep into human
skin and into the blood stream and nervous system (Shryock and Bianchi, 1982). Human
envenomations, particularly with C. quinquecirrha are usually more restricted to toxic,
local reactions. They may develop edema, pruritis and erythema (Reed et al, 1984;
Burnett et al, 1987). Few fatalities in humans have been documented in those with
allergic reactions to the toxin. These deaths usually occur anywhere from 15 minutes to
a week after having been stung (Ishikawa et al, 2004). In smaller prey animals; crude
venom that was extracted from the sea nettles exhibited enzymatic, cardiotoxic and
neurotoxic effects particularly in specimens such as frogs, rats and rainbow killifish
(Cobbs etal., 1983; Shryock and Bianchi, 1982; Ishikawa etal., 2004).
Throughout the different variety of animal venom studied, many possess
hemolytic activity as well (Siebert et al, 2003). Usually hemolysis occurs directly from
the toxin to the erythrocyte. In other circumstances, hemolysis occurs as a result of the
presence of another molecule such as lecithin in order to induce hemolysis (Rosenfeld et
al, 1960-1962; Seibert et al, 2003; Seibert et a l 2006). Cnidocysts of various
different sea anemones have shown both direct and indirect hemolysis on rat erythrocytes
(Adhikari et al, 2007). These studies suggested that hemolytic activity could be
detected along with biological activity. Many properties of these toxins continue to
evade scientists due to the inability to maintain these toxins for very long once they have
been extracted.
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There is still not enough known on the mechanism of action or even the identities
of most toxins found within cnidocysts. Many well-studied Cnidarian toxins have not
been identified as of yet, even with more than 40 years of investigations (Yanagihara and
Shohet, 2012). Alatina moseri (formerly Carybdea alata) was the first Cubozoan
reported to have a hemolytic porin, which has lead to other porin homologs found within
other Cubozoans (Yanagihara and Shohet, 2012). Many efforts were put into studying
jellyfish from the Cubozoan class because they proved to be the most lethal to humans
(Yanagihara and Shohet, 2012).
While the envenomations of scyphozoans are not typically lethal, increases in
stings have become a problem worldwi de. Characterizations of these venoms and all of
their activities would greatly improve our understanding of the modes of action of the
proteins within (Feng etal, 2009).
VI. Hemolytic Activity
A common property of venoms in many Cnidarian species is the ability to lyse
erythrocytes, a process known as hemolysis (Brinkman, 2008). Cubozoan jellyfish have
been more extensively studied than any other class of Cnidaria due to the potential lethal
consequences when humans are subject to envenomations. Different Cubozoans that
were studied not only show hemolytic activity but also seem to have a preference for
erythrocytes of certain host species (Brinkman, 2008). Hemolysis in sheep erythrocytes
happened to a greater degree than rabbit or human erythrocytes when subjected to venom
from Carybdea marsupialis (Rottini eta l, 1995). This is not true of all Cubozoan
venoms. In studies done with venom extracts of Carybdea xaymacana, Chiropsella
bronzie, and Chironex jleckeri there was no significant change in hemolytic activity
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when sheep and human erythrocytes were subjected to the venom extracts (Brinkman,
2008; Bailey etal., 2005).
Hemolysins that have been studied have exhibited a preference for certain
biochemical environments (Brinkman, 2008). Those proteins extracted from Cubozoan
venoms in particular seem the most stable when subjected to high saline conditions and
work best when present with divalent cations (Rottini et al, 1995; Chung et al, 2001;
Brinkman, 2008; Nagai et al., 2000). These same venoms have shown inhibition of
hemolytic activity in the presence of certain carbohydrates (Chug etal., 2001).
Scyphozoan jellyfish such as Rhopilema nomadica have exhibited similar hemolysin
inactivation when in the presence of carbohydrates (Gusmani et al, 1997).
Hemolytic activity in the sea nettle was not detected until very recently (Suganthi
and Perumal, 2012). The majority of hemolytic activity found within Cnidarians has
shown to be dose dependent (Feng et al, 2010). Many other characteristics concerning
hemolytic activity have been studied in order to determine the toxin’s hemolytic activity
range. Factors such as cation chelators, pH range, temperature and storage have been
shown to play a great role in hemolytic activity and inhibition (Feng et al, 2010;
Malpezzi and Freitas, 1991).
VII. Research Objectives:
The three main objectives of my research were as follows:
1. Cnidocyst extraction optimization: To design a method of extraction of cnidocysts
from sea nettle medusa that would give a higher yield of cnidocysts per jellyfish
and be free of contamination of other cellular debris.
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2. Cnidocyst lysis optimization: Develop a method that will increase the amount of
cnidocysts lysed in a shorter amount of time thereby getting more of the toxin
released and solubilized for study.
3. Characterization of hemolytic activity: Demonstrate the hemolytic capabilities of
C. quinquecirrha as previously demonstrated for other Cnidarian species.
Materials and Methods
I. Cnidocyst Isolation
1. Jellyfish Collection
Jellyfish were captured during the summer months of various years from
numerous locations in Barnegat Bay, NJ. Typically these were collected using nets from
one of 16 unique collections sites within the bay (see Restaino, 2013 for a map of sites).
Once captured, both fishing tentacles and oral arms were harvested by cutting them from
the bell of the jellyfish and placed in deionized water or artificial seawater (19 ppt) at 4°C
for 48hrs. This induces autolysis of the surrounding material while leaving cnidocysts
intact. If jellyfish were not used right away, they were frozen intact at -80°C until
material was ready for use.
2. Tissue Homogenization and Filtration
After 48 hrs, the excess fluid was decanted from the autolysed tentacles. This
material was then homogenized in a glass TENBROECK 15 ml hand-held homogenizer
for a total of 10 passes. Subsequently, this homogenate was filtered through a single
layer of Miracloth to remove undigested tissue and debris.
After filtration the samples were transferred in 50 ml tubes and centrifuged in a
Labnet Z400k refrigerated high-speed centrifuge (Hermle) at 2,000 rpm (519 x g) for 10
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minutes at 4°C in a 6 x 50 ml, 30°conical angle rotor (9.6 cm radius). The supernatant
was removed and the pellet was washed for a total of five washes with deionized water or
artificial seawater.
A variety of centrifugation speeds and time were tested along with the previous
speeds in order to determine optimal washing results. Higher speeds for a longer
duration were tested to determine the cleanliness of pellet fractions. Centrifugation at
2,500 rpm (811 x g) for 20 min at 4°C for a total of 2 washes. The pellet was then
resuspended in a minimal volume of deionized water (or artificial seawater) and
centrifuged again at the 7,000 rpm (6,355 x g) for 30 min at 4°C.
Alternatively, some samples were subjected to centrifugation in a Labnet Z400k
centrifuge (Hermle) in a fixed angle rotor at 5,000 rpm (3,242 x g) for 10 minutes at 4°C.
These samples were also placed in 50 ml centrifuge tubes. This time centrifugation was
done twice and the pellet resuspended in minimal amount of Nematocyst Extraction
Buffer (NEB; Brinkman, 2008) or artificial seawater or deionized water. Samples were
checked microscopically (at 400X) to ensure cleanliness. Samples were frozen at -20°C
until ready for use.
II. Percoll Discontinuous Gradient
After samples were autolysed (in either deionized water or artificial seawater),
cnidocyst samples were purified by isopycnic centrifugation in Percoll (Sigma)
discontinuous gradients as described by Brinkman (2008). Cnidocyst samples were
centrifuged (5,100 x g at 20°C for 30 min) in order to remove remaining debris from
samples. Percoll was diluted with 35g/L NaCl to produce a bottom layer consisting of
88% Percoll and a top layer consisting of 27% Percoll. After centrifugation, the mid-
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layer was carefully removed with a pipette and washed in 1.5 ml Eppendorf tubes with 35
g/L NaCl in order to remove any remaining Percoll. Washing was done in an Eppendorf
5415C centrifuge, fixed angle rotor at 14,400 rpm (16,923 x g) for 5 min for a total of 3
washes.
III. Cnidocyst Lysis
1. Buffers
Different extraction buffers were used in order to determine the solution that
would best induce cnidocyst rupture. Buffers used are listed below:
a. 100 mM NaCl/ 10 mM Na-Phosphate/ 1 mM EDTA pH 7.0 (NINE)
b. Tris-HCl, 10 mM pH 7.8 (Tris)
c. Ammonium Acetate 10 mM pH 5.5 (AA)
d. Phosphate Buffered Saline (PBS) 0.01M with 0.9% NaCl pH 7.4
All buffers were used at a ratio of 1 part crude nematocyst (CN) pellet to 10 parts
buffer solution. All samples were then placed in an ice water bath for at least one minute
before disruption.
2. Disruption
Cnidocyst disruption was done one of two ways: soni cation or bead beater
homogenization. If the sample underwent bead homogenization, a 1.5ml tube was filled
with glass beads (400-600 microns) up to the 0.5 ml mark on the tube. 500 pi of sample
was then placed in the 1.5 ml Eppendorf tube and closed securely.
For ultrasonic disruption, all samples were treated in the following manner:
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•

Sonicate/disrupt for 30 seconds at maximum speed then place in ice water
bath for 1 minute. Repeat process for a total of 5 cycles. Sonication was
done in an F60 Sonic Dismembranator (Fischer Scientific).

•

In between each disruption cycle, 10 pi of sample was removed for
microscopic inspection.

Once samples underwent five cycles of disruption, centrifugation was done at
14,400 rpm (16923 x g) for 10 minutes at 4°C in an Eppendorf 5415C centrifuge.

If

samples were disrupted using glass beads, the sample was removed from the glass beads
using a pipette and then centrifuged. Once centrifugation was complete, soluble
supernatant and pellet fraction were separated and both evaluated for protein
concentration.
Alternatively, some samples that were not placed in a buffer solution were
subjected to longer rounds of sonication in order to determine the efficacy of sonication
alone. These samples were in either distilled water or artificial seawater and subjected to
sonication in an F60 Sonic Dismembranator (Fischer Scientific) at maximum power for
30 sec intervals followed 1 minute on ice. The process was repeated for a total 20 cycles.
3. Determination of Intact vs. Broken Cnidocysts.
Prior to and after any rupturing of cnidocyst either by bead beater or sonication,
10 pi of sample was removed and inspected with a hemocytometer cell counting slide
(Phelan, 2006).
IV. Hemolytic Activity Determination
1. Blood Agar Diffusion
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Blood agar plates made of TSA with 5% sheep’s blood (Thermo Scientific) were
used for the diffusion assay as described by Brinkman (2008). Sterile corers were used
to make 3-mm wells into the sheep’s blood agar plate. Wells were then filled with CN,
soluble supernatant, pellet or control solutions. Plates were incubated at 37°C and
checked at 2 hr and again at 24 hr. Visual inspection was used to detect hemolytic
activity and was indicated by the formation of clearing zones around the wells. Controls
consisted of 1% (v/v) Triton X-100 (positive control) or the following negative controls:
A. Sample buffer
B. Boiling samples in water bath for 10 minutes then placed on ice for 2
minutes
C. Proteinase-K (50 pg/ml of sample) incubation of sample at 37°C for 1
hour
D. Proteinase-K without sample

2. Spectrophotometric Hemolytic Assay
This hemolytic assay was done using a modified version described earlier by
Brinkman (2008). In this assay, goat erythrocytes were used instead of sheep (Lampire
Biologicals, Ottsville, PA). Whole heparinized blood was centrifuged at 3,000 x g for 10
minutes at 4°C in a Labnet Z400k centrifuge (Hermle) using a fixed angle rotor with 15
ml centrifuge tubes.

Pelleted erythrocytes were then washed in Phosphate Buffered

Saline (PBS) that was sterilized in a 0.45 p,m pore size vacuum filter system (Corning) at
a ratio of 1 ml of RBC to 20 ml of PBS. A total of 4 washes were performed.
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Erythrocytes were recovered by centrifuging at 3,000 x g for 10 minutes at 4°C. Washed
erythrocytes were diluted down to 0.4% RBC in PBS and left at 4°C for 48 hrs.
After 48 hrs, 1ml aliquots of the dilute erythrocyte/PBS mixture were placed into
sterile 1.5 ml Eppendorf tubes. lOOpl of sample was also added to each tube and
incubated at 37°C with gentle shaking using a Thermomixer 5436 (Eppendorf) at a
shaking rate of 600 rpm. Triplicate samples were checked at the lA hr, lhr, 2hr, 3hr, 4 hr,
5hr and 6hr marks. After samples were incubated at the varying times, they were placed
on ice for 10 min then centrifuged at 3,000 x g for 5 minutes at room temperature.
Hemoglobin released into the supernatant was measured using a GENES YS 20
visible spectrophotometer (Thermo Scientific) at 540 nm using 1.5ml semi-microvolume
disposable polystyrene cuvettes (BIO RAD). Controls for these assays were 1% Triton
X-100 for 100% hemolysis and pure sample buffer for 0% hemolysis. Percent hemolysis
was then determined from the sample readings relative to complete lysis induced by
Triton-X 100.
V. Protein Determination
Protein concentrations were determined using the Bradford method (Bradford,
1976) using Bovine Serum Albumin (BSA). It is assumed that protein concentration and
venom concentration are directly proportional to one another (Bloom etal., 2001).
VI. SDS-PAGE
Protein bands were observed using sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) as previously described (Laemmli, 1970). MiniPROTEAN ® TGX 4-15% precast gradient gels were used (BIO-RAD) were used in a
discontinuous buffer system in a Mini-PROTEAN ® Tetra Vertical electrophoresis cell
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(BIO-RAD). Samples were diluted 1:1 in sample buffer (62.5 mM Tris-HCl, pH 6.8, 2%
(w/v) SDS, 25% (v/v) Glycerol, 0.01% (w/v) Bromophenol Blue, 5% (v/v) 2mercaptoethanol) and boiled at 95°C for 5 minutes then placed on ice for 1 minute.
Samples were spun down in a microcentrifuge for 3 minutes at 14,000 rpm. Gels were
run at 200V constant voltage per gel for 28-38 minutes (until tracking dye reached the
bottom of gel). Spectra1MMulticolor Broad Range Protein Ladder (Thermo Scientific)
was used for molecular mass determination.
Protein bands in SDS-PAGE gels were stained with Coomassie Brilliant Blue R250 according to a modified version described by Sambrook and Russell (2001). Gels
were soaked (1 hr to overnight) in a fixing solution (50% (v/v) methanol, 10% (v/v)
glacial acetic acid) with gentle agitation. Gels were then immediately placed in a
staining solution (0.1% (w/v) Coomassie Brilliant Blue R-250 in 50% (v/v) methanol,
10% (v/v) glacial acetic acid) for no more than 20 minutes with gentle agitation. Gels
were then placed in a destaining solution (40% (v/v) methanol, 10% (v/v) glacial acetic
acid) for several hours until gel background was completely clear.

RESULTS
I. Isolation and Purification of cnidocysts
Cnidocyst purification was determined microscopically after extraction with
either artificial seawater or deionized water. After evaluating samples microscopically,
cnidocyst extracts were still not completely pure. Evidence of cellular material and other
debris was visible for samples washed in either artificial seawater or deionized water
[Fig.9 a,b].
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Figure 9. (a) Cnidocysts cleaned using artificial seawater; (b) cnidocysts cleaned using deionized water.
Note the various cellular material in the background of both samples. Images taken under 200x total
magnification.

Following cnidocyst extraction using deionized water or seawater, another step
was implemented to further clean the cnidocysts of cellular debris. A discontinuous
gradient of Percoll, a colloidal silica sol, was used to allow lighter organic material such
as nuclear envelopes and other cellular membranes to float on the top of the density
gradient. The heavier cnidocyst organelles would create a hazy midsection at the
interface between the two Percoll densities. Anything denser than the cnidocysts would
fall to the bottom of the tube [Fig. 10]. This would ensure a very clean sample for use in
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protein determination. Microscopic detection showed very clean samples of cnidocysts
[Fig. 11] that were used for disruption and protein concentration determination.

Figure 10. Percoll discontinuous gradient done with a bottom layer of 80% (v/v) Percoll and a top layer of
27% (v/v) Percoll. The top layer is the cellular debris (marked by the red arrow) and the ha2y middle layer
(marked by the red parenthesis) is the cnidocyst layer.
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Figure 11. (a) Percoll washed cnidocysts in deionized water (b) Percoll washed cnidocysts in artificial
seawater. Images taken at 200X total magnification. Size difference in pictures due to cropping of image.

II. Cnidocyst Disruption
1. Artificial Seawater vs. Deionized Water
Once cnidocysts were purified by centrifugation through the Percoll gradient,
protein concentrations were determined for each sample. Sonication was done at
maximum (Level 20) for 30 seconds following 10 seconds resting on ice. This was done
for a total of 5 minutes of sonication. Alternating sonication and resting on ice prevented
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overheating of the sample. Samples for protein concentration were taken from intact
cnidocysts in either artificial seawater or deionized water as well as directly after
sonication. Protein concentration was also determined from samples that were
centrifuged after sonication from both soluble supernatant and pellet fractions. Protein
concentrations were determined using the Bradford Assay (Bradford, 1976) using Bovine
serum albumin as a protein standard. [Fig. 12].
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Figure 12. Protein concentrations for cnidocyst samples. Note the supernatant sample for artificial
seawater does not contain a concentration amount due to the absorbance mean falling below the BSA linear
graph scale. Error bars are SD of triplicate samples.

Protein concentrations for cnidocyst samples that were first lysed in deionized
water show a greater amount than samples that were first treated in artificial seawater.
The greatest change was seen in pellet fractions isolated with deionized water which is
more than three times the protein concentration of that found in the pellet isolated in
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artificial seawater. In every experiment, protein concentrations were greater when
organelles were isolated in deionized water.
2. Protein Concentrations per Cnidocyst
After determination of protein concentrations in whole samples, average protein
concentration per single cnidocyst were determined. This was done by first measuring out
an exact amount of CN sample then disrupting the sample through sonication. A 10 pi
sample was taken prior to sonication in order to determine cnidocyst amounts per ml
[Table 1]. Protein concentrations were measured using the Bradford method [Fig. 13]
with BSA as the standard protein. Concentration amounts were then used to calculate
average total protein of sample as well as per cnidocyst [Table 2],
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Figure 13. Protein concentrations of Cnidocysts in deionized water used to determine protein concentration
in a single cnidocyst organelle. Error bars are SD of triplicate samples.
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Tol^al C n id o c y s t a m o u n t in sa m p le

Total Sample
(Crude
Nematocysts)

Hemocytometer
Count
(5 Chambers)

1700(il

148
140
142
148
131

Total

709

Total
organelles per
ml
{[709 x (2*103)}

Total
organelles
per sample
(1,418,000 x
1,700)/ 1000

-

-

-

-

-

-

-

-

-

-

1,418,000

2,410,600

Table 1. Total cnidocyst counts with sample size using a cell counting slide
Total Protein Concentration

Total

Sample

Protein
Amount ug/ml

Pellet
Supernatant

2,943.75
99.3
3,043.05

Cnidocyst
per ml

Percentage
of Total
Protein
96.74
3.26

1,418,000

Protein
Concentration
per Cnidocyst

2.15 ng

Table 2. Total Protein Concentration per cnidocyst. Calculations are only average amounts of protein due
to potential factors such as cnidocyst loss during disruption or failure to lyse all cnidocyst organelles.

There is a relationship between Figures 12 and 13 in that the majority of the
protein detected is found in the pellet. The average total protein in a single cnidocyst was
determined to be 2.15 ng/organelle. There may be some discrepancy in this number due
to a number of factors including inability to break open all cnidocysts and loss of sample
during the sonication process. Looking at the percentage of protein found within the
pellet versus the amount of protein found within the supernatant, it is clear that the
majority of protein found is staying in the pellet with or around the capsule.
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Sonication alone has proven to be an ineffective means of breaking open and
releasing cnidocyst toxins. Samples for this particular assay were sonicated for 30
seconds intervals with 30 seconds on ice. A total of 10 minutes of sonication was
completed. When viewed microscopically [Fig 14 - a, b] there is still a considerable
amount of cnidocysts that were intact.

Figure 14. (a) Cnidocyst sample before sonication. (b) Cnidocyst sample after 10 min of sonication. Both
images viewed under 200x total magnification.

3. Optimization of Cnidocyst Protein Extraction
Since a considerable number of cnidocysts remained intact after sonication alone,
different extraction buffers and means of disruption were examined to determine the most
efficient way to rupture cnidocyst capsules. All buffers evaluated were used in previous
cnidocyst extraction protocols. Many of the protocols used sonication as the means of
disruption with a few using bead-mill homogenization. In this study, centrifugation and
disruption times were kept the same in order to better evaluate the efficacy of the buffers.
All buffers were incorporated at a 10:1 ratio with the cnidocyst sample.
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3.1 Disruption with buffers
The first buffer used was NNE (Cobbs et al, 1982). This buffer was examined at
the same time as the other buffers in order to maintain identical time intervals in between
sonication and cooling periods. Tris-HCl was used in sonication (Li et al, 2011) as well
as bead beater homogenization (Feng et al, 2010; Carrette and Seymour, 2004). PBS
(Marino et al., 2008) was another buffer studied with sonication. Ammonium Acetate
(AA) (Lassen et al., 2011) was the final buffer solution evaluated for efficiency. These
buffers were chosen due to their popularity in use as an extraction buffer for cnidocysts in
previous research.
All buffers were evaluated by microscopic examination of cnidocysts to
determine percent lysis [Fig. 15 a-e]. After microscopic determination, samples were
centrifuged at 14,400 rpm at 4°C, 10 min and both soluble supernatant and pellet
fractions were assayed for protein content [Fig. 16],
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Figure 15. Cnidocyst sonication and disruption using various buffers (a) NNE (sonicated) (b) Tris-HCl
Sonicated (c) PBS (sonicated) (d) AA (sonicated) (e) Tris-HCl [bead beater]. All images taken at 200X
total

Based on visual description of microscopic analysis, cnidocysts that were in TrisHCl buffer and disrupted using the bead beater [Fig. 15 e] broke apart with far more
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efficiency than any of the buffers used in sonication including the same Tris-HCl buffer
(15- b). Cnidocyst percent lysis verified this finding when counts were made using the
hemocytometer cell counting slide [Fig. 16]. The ability to break open cnidocysts with
more efficiency with a bead beater than with ultra-sonic frequencies is important to know
when trying to extract venom from these cnidocyst preparations. This greatly reduces the
amount of time spent trying to lyse the organelles and greatly improves the amount of
protein recovered per sample extraction.

Cnidocyst Percent Lysis

5

E-1

Buffer Samples

Figure 16. Cnidocyst Lysis (%) with various extraction buffers. All samples were kept in buffer solution
foi the same amount of tune and subject to disruption for the same length of time. Percent hemolysis was
calculated visually using a hemocytometer. Error bars are SD of lyses percentages.

III. Hemolytic Activity
1. Visible Detection of Hemolytic Activity
Initial determination of hemolytic activity was determined visibly with the use of
blood agar plates made of TSA with Sheep’s blood. Samples were placed in cored wells
and incubated for up to 24 hrs then inspected for signs of clearing. Upon inspection at 24
hrs, no visible hemolysis was detected [Fig. 17], A second attempt at hemolytic detection
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was attempted where samples were first collected and frozen in August 2012, as well
samples previously sonicated with soluble supernatant collected from the laboratory of
Dr. John Gaynor. Samples of crude cnidocysts collected prior to the summer of 2012
were tested for hemolytic activity. These samples were also incubated in blood agar
plates at 37°C for 24 hr [Fig. 18 a, b]. Positive and negative controls for all blood agar
plate assays are Triton X-100 (positive control) or 25 mM MOPS (pH 7.4) with 100 mM
NaCl (negative control) unless otherwise indicated.

Figure 17. Blood agar plate of intact crude cnidocyst sample (CQ 8/21) after 24hr incubation. Positive
control is Triton X-100, Negative control is deionized water.
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Figure 18. (a) Blood Agar plate at 2hr post incubation (b) Blood Agar Plate at 24hr post incubation.

1.1 Hemolytic Activity Location
In Figure 18-b, there were noticeable clearing zones around many of the intact
cnidocyst samples collected the previous summer (2012) and previous summers. Upon
closer inspection of the samples marked SN (soluble supernatant), there were no clearing
zones present. Believing that once samples were sonicated, proteins should be released
and be present within the supernatant once centrifuged, the decision was made to disrupt
and assay hemolytic activity in both the soluble supernatant and pellet fraction [Fig. 19].
These findings, however, did show a relationship with the abundance of protein found in
the pellet fractions used in the Bradford assay.

Figure 19. Soluble supernatant samples (S) and pellet fractions (P) of disrupted C. quinquecirrha. (Wells
marked “B” were left blank). Image taken after 24hr incubation.
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With cleared zones visible only with the pellet fractions on the blood agar plate, it
was important to know whether this lysis of erythrocytes was due to a protein. Various
controls were used to denature any proteins within the cnidocyst samples in order to
determine the cause of the hemolytic activity.
1.2 Hemolytic Activity of Cnidocysts
Controls used to denature or degrade protein in my samples include Proteinase K
(Tritrachium album; Thermo Scientific) (P-K) in extraction buffer (25 mM MOPS, 100
mM NaCl; pH 7.4) and boiling (B) of cnidocyst samples. In order to ensure that there
was no interference from the buffer or the Proteinase K, a separate control was done
where no sample was added (P-K/NEB). This ensured that any activity seen was from
the cnidocyst sample. The positive control used was 1% (v/v) Triton X-100 and
extraction buffer for the negative control. All samples were placed in cored wells on the
blood agar plate and visually examined at 2 hr and again at 24 hr [Fig. 20 a, b].

Figure 20. (a) Protein Controls 2hrs post incubation, (b) Protein Controls 24 hrs post incubation.

All wells that contained cnidocyst extract and were treated to denature or degrade
protein showed no signs of hemolytic activity. The only well besides the positive control
that shows any clearing zone is the well that contained intact cnidocysts with no
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treatment to prevent activity (CQ 8/21). With this assay we were also able to notice a
trend in the hemolytic activity. In all plates that were studied none of the cnidocyst
samples showed signs of clearing zones until after the 2 hr mark. In order to determine
the likelihood of there being a trend in time, a more quantitative assay was performed to
measure hemolytic activity.
2. Spectrophotometric Analysis of Hemolytic Activity
In order to determine how significant the hemolytic activity of the cnidocyst
venom was, a more sensitive assay was performed (Brinkman, 2008). Goats blood
(Lampire Biological, Ottsville, PA) preserved in Na-Heparin was washed and diluted to a
0.04% consistency in PBS. After 48 hr, the diluted erythrocytes were subjected to a 6 hr
assay where the washed erythrocytes were incubated with cnidocyst extracts. At timed
intervals, samples were removed and centrifuged. The supernatants were then placed in a
spectrophotometer in order to read the hemoglobin change, if any [Fig. 21].
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Figure 21. Percent hemolysis of goat erythrocytes vs. time. Erythrocytes were incubated with crude
cnidocysts in deionized water.

This graph details the amount of hemoglobin being released as time is passing.
With more hemolytic activity recorded as time passes, the assay indicates the longer
contact hemolysis have with erythrocytes, the more damage they will inflict causing lysis.
In order to determine if this was the action of a protein, controls were run [Fig. 22] to test
for inhibition of hemolytic activity.

50

Hemolysis Assay Controls

45
40
35
©
S
V
m
&
4>
C
<u
Û.

32 07

30
25
20

m% Hemolysis

15
10
5
0
Proteinase-K

Boiling

NEB/ P-K

Chrysaora

Controls
Figure 22. Goat erythrocyte hemolytic activity with cnidocyst venom and controls. Error bars were
determined using SD of triplicate samples.

When the goat erythrocytes were subjected to boiling along with the venom
extract, there is a 33.89 % decrease in hemolytic activity. As expected, there was no
activity when cnidocyst extract was not incorporated into the erythrocytes. When only
incubated with Proteinase-k and buffer solution (NEB/P-K) there was very little
hemolytic activity. However there was a significant increase in hemolytic activity when
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the erythrocytes were incubated with the Proteinase-k / buffer mixture as well as
cnidocyst venom extract (Proteinase-K). The possible reason for this occurring is that
Proteinase-k may actually be helping the cnidocyst release their venom by attacking and
breaking apart the proteins in the minicollagen rich capsule. If only a small amount of
Proteinase-k is added and it inactivates the proteins of the capsule, the venom would be
able to release and induce higher percentage of erythrocyte lysis in the goat assay.

IV. Protein Composition of Cnidocysts
The proteins found in cnidocysts were detected using SDS-PAGE as described by
Sambrook and Russell (2001). Upon initial detection of protein bands [Fig. 23], there
were noticeable bands in all but two lanes. Lanes 1 and 9 contained the Spectra™
Multicolor Broad Range Protein Ladder. Lane 2 consisted of 20 pi of intact cnidocysts
and lane 3 contained 10 pi of intact cnidocysts. Lanes 4 and 5 each contained sonicated
cnidocysts that were not centrifuged at 20 pi and 10 pi, respectively. Lanes 6 and 7 each
contained soluble supernatant also at 20 pi and 10 pi, respectively. Lane 8 contained 17
pi of pellet fraction.
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Figure 23. Initial SDS-PAGE analysis of intact and sonicated cnidocysts, supernatant and pellet. Numbers
on the bands found in lanes 1 and 9 are the size of marker proteins in kilo Daltons (kDa).

Lanes 2 through 5 all show bands higher than the 260 kDa marker of the ladder.
Lanes 2 through had approximately 9 to 11 bands. Major bands in these lanes can be seen
at approximately the 14 kDa, 35 kDa, 120 kDa, 200 kDa and above the 260 kDa markers.
Lane 5 has approximately 5 bands present above the 260 kDa marker and approximately
around the 200 kDa area. The pellet fraction (lane 8) shows only one major band in
between the 10-15 kDa markers (approximately 14 kDa). Other faint bands are visible
around 34 and 38 kDa. Lanes 2, 3 and 4 also show this band at the same position. Lane
5 did not show this band possibly due to low concentration of the protein. Lanes 6 and 7
showed no bands and this could possible be due to insufficient amount of protein to be
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detected. The total amount of protein within the supernatant was 0.75 pg/pl. With a total
of 20 pi added to the wells that would give approximately 15 pg of protein. This would
be enough for the gel electrophoresis to detect a band however that is total protein
concentration, not one protein in general. Separate protein concentrations may have been
«*v

lower leading to the absence of any bands that may have been present.
Samples that were placed in different extraction buffers were also analyzed by
SDS-PAGE to see if similar qualitative and quantitative profiles of polypeptides were
seen. Samples of cnidocyst pellet fractions were first analyzed to determine polypeptide
composition [Fig 24]. Those evaluated were in Ammonium Acetate buffer (lane 2), PBS
(lane 3) and Tris-HCl that was subject to bead-beater homogenization (lane 4). Protein
standards were placed in lanes 1 and 5.
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Figure 24. SDS-PAGE analysis of pellet fractions from select buffers. Numbers in lane 1 represent size of
marker proteins in kilo Daltons (kDa).

Comparing the pellet fractions of the cnidocysts in buffers solution versus those in
just deionized water, there were clearly more bands in the buffered cnidocyst fractions.
There seemed to be more bands in lanes 3 and 4 (PBS and Tris-HCl) than in lane 2 (AA).
Lane 2 has thirteen visible bands with 3 major bands (~90 kDa, 43kDa and 39 kDa).
There were far fewer visible bands in the treatment of cnidocysts with Ammonium
Acetate than with any other treatment. Lane 3 (PBS) had the most distinct bands than
any of the buffers assayed. There were approximately 25 bands with major bands
spanning the entire length of the lane. A doublet at 200/205 kDa is clearly visible as well
as a triplet at 105/100/98 kDa weights. Other major bands can be seen at ~80, 45 and 38
kDa. A second doublet is seen at 30/28 kDa with a final band at 23 kDa. Lane 4 that
contains the Tris-HCl subjected to bead homogenization has multiple bands as well.
These bands are not so distinct as those seen in lane three but there are many coinciding
band sizes. In lane 4 there 22 bands with doublets at 200/205 kDa and 105/100 kDa.
There is another band at 38 kDa followed by another doublet at 30/28 kDa.
The very clear band that was visible in the pellet fraction of the first gel is not so
apparent in the any of the lanes of the second gel. This could possibly mean that the
protein that was at that molecular weight was not in enough concentration to be detected
or with the lack of this protein present there may be a possibility that more than one
protein is acting as a hemolysin.
Supernatant samples that were placed in buffer solution were also analyzed [Fig.
25] to determine whether or not protein bands would be present in enough concentration
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to show bands. Samples tested include Tris-HCl (bead homogenization; Lane 2), NNE
(Lane 3), PBS (Lane 4) and AA (Lane 5). Lane 1 contained the protein standard.

Figure 25. SDS-PAGE analysis of cnidocyst soluble supernatant in different buffer solutions. Numbers in
lane 1 represent size of marker proteins in kilo Daltons (kDa).

All samples tested showed a very distinct band at approximately 38 kDa Tris-HCl
(lane 2) also showed a very heavy band in between the 10-15 kDa marks. This could
possibly be 2 protein bands due to the thickness of the band; the protein bands may have
merged together to form one large band. This is the same area that the pellet fraction in
the first gel showed a very distinct band. Further testing in particular with the bands at
the 38 kDa marker and the possible protein doublet in between the 10-15 kDa markers
would be beneficial to understand where the hemolytic protein lies.
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Discussion
I. Cnidocyst Extraction and Lysis
All research groups in previous experiments used different methods in order to
achieve cnidocyst extraction and a minimum of 90% capsule lysis (Crone and Keen
1969; Endean etal., 1993; Bloom eta l, 1998; Othman and Burnett 1990; Carrette and
Seymour 2004; Comis et al., 1989). This experiment set out to find the most effective
method of extraction and lysis. By using methods that were previously incorporated in
other research experiments, we were able to determine how effective they were in
extracting and disrupting cnidocysts.
After testing different types of suspension media (deionized water and artificial
seawater) our experiments showed the retention of more cnidocysts with higher
concentrations of protein if they were washed and autolysed in deionized water rather
than using artificial seawater. This could be due to the fact that cnidocysts have very
strong capsules and when the tentacles were subject to such a drastic change in osmotic
pressure than that of seawater, the cells of the tentacles were able to lyse more easily than
when placed in water that contained salt content and osmotic pressures that are similar to
its natural content (Calder, 1972).
A density gradient was later added to the purification scheme to determine
how clean this would make the cnidocyst extract. Density gradients have been used by a
few research groups in previous studies (Burnett and Calton, 1973; Endean and Rifkin,
1975) as an extra measure of purifying samples. This was important in determining true
protein concentration within the cnidocyst capsule and making sure no protein readings
were coming from outside debris such nuclear membranes or other cellular debris. After
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processing tentacles in a Percoll (Sigma) discontinuous gradient with the belief that at
the right density as found by Burnett and Calton (1973), cnidocysts could be completely
purified. Using the same density gradient as used by Brinkman (2008), we were able to
determine microscopically the ability to purify cnidocyst extracts when using Percoll
(Sigma). This is important to note especially when trying to get as pure a sample as
possible of cnidocysts in order to extract venom from within the capsules. The use of a
differential gradient will help remove any inconsistencies in venom extraction and
protein determination for future studies.
Different buffers with ranging pH values were used previously (e.g. Lassen et al,
2011; Feng et al, 2010) along with different disruption methods (Cobbs et al, 1982;
Marino et al, 2008; Lassen et al, 2011; Li et al, 2011; Feng et al, 2010) in order to
optimize venom extraction. These methods were assayed for efficacy in order to
determine the best protocol for extraction. With the two most popular methods for
disruption being sonication (Cobbs e ta l, 1982; Marino et al, 2008; Lassen et al, 2011;
Li et al, 2011) or bead homogenization (Feng et al, 2010) both were used with the same
buffer (Feng et al 2010; Li et al, 2011) to determine the optimal procedure for capsule
lysis. Microscopic determination of samples after five consecutive cycles of disruption at
30 sec followed by 1 min on ice revealed bead homogenization was more effective at
cnidocyst lysis than sonication for the same amount of time. The samples that were
subject to bead homogenization showed an average of 69.38% more cnidocyst lysis than
those that were subjected to sonication for the same amount of time. The average
cnidocyst lysis for samples that were sonicated was 2.48% versus an 8.1% lysis of
samples that were disrupted using the bead homogenizer. This was clear when cnidocyst
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counts were made for each sample and percent lysis was calculated using a
hemocytometer.
Protein measurements demonstrated there to be a few buffers that worked
fairly well in releasing proteins from the cnidocyst. When protein concentrations
were evaluated, the most effective buffer was Tris-HCl that was used with bead
homogenization. Samples in Tris-HCl that were sonicated did not do as well than
the same buffer that was subjected to bead beating. Samples that contained EDTA
(Buffer labeled NNE) also seemed to work very well in protein extraction that could
be do to the cation chelating properties of the buffer. It has been documented that
large amounts of calcium are stored within cnidoblasts and may serve as a driving
force to trigger cnidocysts to fire (Holstein and Tardent, 1984). EDTA, which is a
calcium chelator, may be triggering a mechanism within the cnidocysts that would
cause the cnidocysts to rupture. Samples that were placed with either ammonium
acetate (AA) or Phosphate Buffered Saline (PBS) did not yield veiy good results for
protein release.
Protein assays also determined that the majority of the protein was found in
the pellet and not the supernatant as was previously thought. With over 96% of
protein being detected within the pellet and less than 4% found within the soluble
supernatant, this could mean that the proteins are adhering themselves to the
capsule when disruption is occurring. Many of the cnidocysts may also remain
unbroken leading to higher protein concentrations within the pellet than the
supernatant. More research into the kinds of proteins found within these venoms
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would have to be conducted in order to determine a way to better release them fully
from the capsule wall.
Most cnidocyst disruption was shown to be in buffers that had a pH between
7.0-7.8. More importantly, the method of disruption seems to play a big factor with
there being a better outcome when using glass beads for disruption rather than
sonication.
II. Hemolytic Assays
Hemolytic description of Cubozoan species of jellyfish has long been
described by other research groups (Endean and Henderson 1969; Crone and Keen
1969; Baxter and Marr, 1969; Bailey et al., 2005) with rather recent, preliminary
descriptions of hemolytic activity shown in Chrysaora quinquecirrha (Suganthi and
Perumal 2012). With very few descriptions given of scyphozoan hemolysins, I
attempted to show partial characterization of this protein.
Using blood agar plates that consisted of sheep's blood, I was able to
determine that there is indeed hemolytic activity within the cnidocyst extracts.
Further testing on these plates using various control methods also revealed that
cause of the hemolytic activity is more likely due to a protein within the venom of C.
quinquecirrha. Cleared zones of hemolysis did not appear until after the 2 hr mark
as is evident in Figure 18. This is much slower than what is reported for the same
assay done on the crude cnidocyst samples of box jellyfish, C. fleckeri (Brinkman,
2008). This may suggest that while there are hemolytic proteins within C.
quinquecirrha, they are much less potent than those found in other species of
jellyfish.
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In order to determine how effective the hemolytic activity was at destroying
erythrocytes, a more sensitive assay was done using goat erythrocytes. In this
assay, it was determined that longer incubation periods of the cnidocyst extracts
yield higher amounts of hemolysis. Controls were also run in order to determine
the likelihood of a protein being the cause of the activity. What was interesting to
note was that while there was no hemolytic activity while blood samples were
incubated with Proteinase-K and a buffer solution alone, when blood samples were
incubated with Proteinase-K, buffer solution and cnidocyst extract, the amount of
hemolysis almost doubled than when blood samples and cnidocyst extract were
incubated together. This finding could be due to the fact that the capsule of the
/

cnidocyst is made of minicollagens (David eta l, 2008). The Proteinase-K may have
attacked the capsule structure, inadvertently releasing the venom within. Since only
a small amount of Proteinase-K was incubated with the sample, there may not have
been enough to deactivate the proteins within the venom, leaving these proteins
free to hemolyze the erythrocytes.
In these experiments, I was able to determine that there is hemolytic activity
that results from protein interaction from the cnidocyst venom. This activity
increases over time with prolonged exposure to the venom and hemolysis was seen
not only in sheep erythrocytes, but in goat erythrocytes as well. Further study into
whether Proteinase-K would be a useful means of releasing cnidocyst venoms
would have to be made. This however would also risk the chance of ultimately
deactivating all the protein within the cnidocyst samples.
Hemolytic activity seemed to persist more in pellet fractions than in soluble
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supernatant of cnidocyst samples. This lends itself to the idea that the proteins are
staying with the capsule debris when they are being disrupted. The protein
concentrations show that to be the case as well. These proteins may be staying
attached to the spikes on the tubule or within the tubule itself. They may need
something to attach to and without any other membrane available, the proteins may
adhere themselves to the capsule or remain on the tubule.
III. Protein band determination
SDS-PAGE analysis was used to determine what size the protein causing
hemolytic activity may be. Protein components of C. quinquecirrha cnidocysts were
determined from either intact samples or samples that were disrupted and
centrifuged. The protein components were determined using a 4-15%
polyacrylamide gel. This gel had the capacity to separate between 20-250 kDa.
After evaluating both sonicated (uncentrifuged) and intact cnidocysts along with
soluble supernatants and pellet fractions [Fig. 23], one constant band appeared at
14 kDa. While other bands did appear in other places, this band appeared in every
gel, especially in the pellet fractions. This was actually the only band that appeared
in the pellet fraction, which is where the majority of the activity is taking place.
Another band that seemed to be in every lane of Figures 24 and 25 appeared at 38
kDa. While the majority of the hemolytic activity is happening in the pellet fractions,
there is some hemolytic activity occurring within the soluble supernatant. Further
analysis into the proteins at this size would be beneficial in determining how big
this protein is and help in further characterization of the venom qualities of C.
quinquecirrha in general.
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